In this paper we consider an initial value problem for systems of impulsive differentialdifference equations is considered. Making use of the method of comparison and differential inequalities for piecewise continuous functions, sufficient conditions for practical stability of the solutions of such systems are obtained. Applications to population dynamics are also given.
Introduction
One of the most important aspects of the theory of stability of the solutions of differential equations is practical stability. The main results in this area are due to A. A. Martynyuk ([16, 17, 18] ).
The main problem in the theory of practical stability consists of studying the solutions of systems of differential equations, given in advance the domain where the initial conditions change, and the domain where the solutions should remain when the independent variable changes over a fixed interval (finite or infinite). In recent years this theory has been developed very intensively ( [13, 14, 15, 18] ).
The practical stability of the solutions of a system of the forṁ x = f .t; x/ (1.1)
can be considered by studying the relations between this system and a systeṁ u = F.t; u/ (1.2) so that the practical stability of the solutions of System (1.2) should imply the practical stability of the solutions of System (1.1). These relations are obtained by employing differential inequalities. System (1.2) is usually of lower order and its right-hand side possesses a certain type of monotonicity which considerably simplifies the study of its solutions. Actually, this is the essence of the method of comparison in the theory of practical stability. In recent years the mathematical theory of impulsive systems has also been intensively advancing (see [13, 14, 15, 20] ).
Impulsive differential-difference equations are a generalization of impulsive differential equations. They are adequate mathematical models of processes and phenomena which undergo changes in state by jumps and for which a dependence on the history of the process is observed at each moment.
At the present time the theory of such equations is undergoing rapid development (see [2, 3, 4, 6, 5, 7] ).
In this paper we study the practical stability of the zero solution of a system of impulsive differential-difference equations by means of piecewise continuous Lyapunov functions [20] and the comparison principle coupled with the Razumikhin technique ( [14, 19] ).
Statement of the problem, preliminary notes and definitions
Let R n be the n-dimensional Euclidean space with norm | · |, be a domain in R n containing the origin and let h ≥ 0.
Together with this problem consider the problem
where F :
containing the origin and u 0 ∈ G. [3] Practical stability of impulsive differential-difference equations 527 such that a.0/ = 0 and a.r / → ∞ as r → ∞; K * is the class of all continuous functions a : .t 0 ; ∞/ × R + → R + which are monotone increasing with respect to their second argument and such that a.t; 0/ = 0 and a.t; r / → ∞ as r → ∞;
The solutions x.t/ of problems of the form (2.1) are piecewise continuous functions with points of discontinuity of the first kind − k > t 0 , k = 1; 2; : : : , at which they are continuous from the left, that is, at the moments of impulse effect − k the following relations are valid: 
.2/ Uniformly practically stable with respect to ½, A if
.3/ Contractively practically stable with respect to ½, A, B if 
DEFINITION 2. The function
:
m is said to be quasi-monotone increasing in .t 0 ; ∞/ × G if for each pair of points .t; u/ and .t; v/ from .t 0 ; ∞/ × G and for j ∈ {1; 2; : : : ; m} the inequality F j .t; u/ ≥ F j .t; v/ holds whenever u j = v j and u i ≥ v i for i = 1; 2; : : : ; m; i = j , that is, for any fixed t ∈ .t 0 ; ∞/ and any j ∈ {1; 2; : : : ; m} the function F j .t; u/ is nondecreasing with respect to .u 1 ; u 2 ; : : : ; u j−1 ; u j+1 ; : : : ; u m /.
In the case when the function F : .t 0 ; ∞/ × G → R m is continuous and quasimonotone increasing all solutions of Problem (2.2) starting from the point .t 0 ; u 0 / ∈ .t 0 ; ∞/ × G lie between two singular solutions-the maximal and the minimal ones.
2) is said to be a maximal solution if for any other solution u :
The minimal solution of Problem (2.2) is defined analogously. Let e ∈ R m , e = .1; 1; : : : ; 1/ and {u : 0 ≤ u ≤ e} ⊂ G. Further on we shall consider only such solutions of (2.2) for which u.t/ ≥ 0. Hence, the following modification of Definition 1 seems to be the most appropriate. 
.2/ Uniformly practically u-stable with respect to ½, A if
.3/ Contractively practically u-stable with respect to ½, A, B if
.4/ Contractively uniformly practically u-stable with respect to ½, A, B if
In what follows we shall use the class V 0 of piecewise continuous auxiliary functions V : [t 0 ; ∞/ × → G which are analogues of Lyapunov's functions [20] . 
We also introduce the following classes of functions:
with points of discontinuity of the first kind − 1 ; − 2 ; : : : at which it is continuous from the left}; 
Introduce the following conditions:
H3. The function f is Lipschitz continuous with respect to its second and third arguments in .t 0 ; ∞/ × × uniformly on t ∈ .t 0 ; ∞/.
H4. I k ∈ C[ ; R n ], k = 1; 2; : : : . H5. The functions .I + I k / : → , k = 1; 2; : : : , where I is the identity in .
In the proof of the main results we shall use the following lemma:
LEMMA 1 ( [6, 5] 
Then the following assertions are valid: 
Since ' 2 ; a ∈ K, then ' ∈ K. Therefore the solution x.t/ ≡ 0 of (2.1) is uniformly practically stable. 
where v :
We now introduce some notation: let . The v-minimal solution of Problem (3.3) is defined analogously. In this case the method of comparison is based on a lemma whose proof is analogous to the proof of Lemma 1. 
: : : ; [10] are valid for t ∈ J + .t 0 ; ' 0 ; v 0 / and x ∈ t . .2/ Uniformly practically v-stable with respect to ½, A if
.3/ Contractively practically v-stable with respect to ½, A, B if The proof of Theorem 2 is analogous to the proof of Theorem 1; however, Definition 8 is used instead of Definition 5, and (3.4) is applied instead of (2.4).
Applications

The delay differential equatioṅ
called Hutchinson's equation [11] , is a single species population growth model, where r , − and K are positive constants. This equation has been studied by many authors; see for example Cunningham [8] , Gopalsamy [9] , Kuang [12] , Zhang and Gopalsamy [21, 22] . In this section we consider the case where at certain moments biotic and anthropogeneous factors act on the population "momentarily" so that the population number varies by jumps. Precisely we are concerned with the practical stability of the zero solution of the equation of the form We consider the function V .t; x/ = .1 − x=K / 2 . Then the set t is
THEOREM 3. Let the following conditions be fulfilled: 
where t = − k , k = 1; 2; : : : . From Conditions (2) and (3) of Theorem 3 it follows that
It is easy to see that the trivial solution of the problem given by
is uniformly practically u-stable. Then by Theorem 1 we obtain that the trivial solution of (4.2) is uniformly practically stable. [10] proposed a model of a single species population exhibiting the so-called Allee effect [1] in which the per-capita growth rate is a quadratic function of the density and subject to delays. In particular, they studied the solutions ofṄ
Gopalsamy and Ladas
. Since by Condition (4) of Theorem 4 the zero solution of (4.5) is uniformly practically u-stable then Theorem 1 implies that the zero solution of (4.4) is uniformly practically stable.
